The recent literature therefore indicates that solutions of pure hemoglobin can be injected intravenously into animals with either acid or alkaline urine without producing significant impairment of renal function. Studies (4, 8) also suggest that some factor or factors must precede or be associated with the hemoglobinemia if renal impairment is to develop. In view of this probability it was decided to study the influence of injections of homologous hemoglobin in normal and dehydrated animals. Method Am~a/s.mThe anlm~l~ used in this study were Sprague-Dawley rats weighing 71 to II0 gin., guinea pigs weighing 155 to 680 gin., and albino rabbits weighing 1.8 to 2.0 kg. Both and female animals were used. 153
Preparalion of Hemoglobln.DBlood was withdrawn from the heart of several animals and pooled in a flu~ containing sodiumcitrate (5 mg./ml.). The blood was centrifuged aL2500 ;t.P.K. for 1 hour, the plasma withdi~wn, and the erythrocytes washed with an equal volume of physiologic saline solution. Following the second centrifugation the saline was removed and the erythrocytes were laked by the addition of two volumes of recently distilled water. The stroma was removed by 45 minutes of centrifugafion at 15,000 R.p.,z. and subsequent filtration through two thicknesses of Whatman's No. 40 filter paper at a negative pressure of 500 to 700 ram. Hg. The hemoglobin concentration was determined ina 1:300 dilution of 0.1 per cent Na~CO~ solution with a photoelectric colorimeter. Hemoglobin solutions, never older than 2 days, were kept at 4-6°C. when not in use.
Start of Hydration and Method oflnjection.--The rats and guinea pigs were fed and offered water up to the time of injection. Hemoglobin solutions containing stroma were injected intraperitoneally in single doses into these animals. Water was withheld from the rabbits for periods of 1 to 5 days. Stroma-free hemoglobin solutions were injected intravenously at one time, or in divided doses on successive days toward the end of the dehydration period. Water was then withheld for a period of 18 to 24 hours after the last injection. Thereafter 200 hal. of water was given daily to 6 rabbits (Nos. 1 to 6) for 1 week. One rabbit (No. 7) received 28 ml. daily for 7 days. The last 9 rabbits (Nos. 8 to 16) received 25 mi./kg, of water for i week. After the 14th day the rabbits were given food and water at desire.
Blood Studies.--Heart blood was withdrawn at intervals for non-protein nitrogen determinations and hematocrit studies.
• Subsequcr~ Observalions.--The rabbits were weighed both before and following dehydration as well as at the time of necropsy. Animals which did not die following the injections were I/illed from 4 to 40 days thereafter. Autopsies were performed, the tissues fixed in 10 per cent formalin, sectioned, and stained with hematoxylin and eosin.
Results of the Injections into Rats and Guinea Pigs
The rats received hemoglobin suspensions in amounts of 5, 6, and 7 gm./kg, of body weight intraperitoneally. Following the injection of 5 gm./kg, one of II animals died on the 2nd day. After 6 gm./kg, one of 12 animals died after 24, hours. When 7 gm./kg, were given, 9 rats died between 12 to 24 hours; 2 died after 24 hours and only one survived. Practically QII of the animals had hemoglobinuria. Those that died developed cyanosis about the jaws and feet. Their abdomens remained distended following the injections, and at autopsy there was peritoneal fluid containing hemoglobin. On gross inspection of the organs no significant change was noted than cyanosis, Autopsies made on the animals which survived revealed no abnormalities. Microscopic examination of the kidneys revealed an occasional cast in only 2 rats. No casts or tubular changes were observed in sections of the remaining 35 rats.
The guinea pigs received i, 2, 3, and 3.5 gm./kg, of hemoglobin intraperitoneally in one dose. Six animals which received I gm./kg, survived without any ill effects. One of 6 guinea pigs died after an injection of 2 gm./kg. Following the injection of 3 gm./kg., 3 died after 12 to 24 hours; one died on the 3rd day from peritonitis, and 2 survived. In a final group 3.5 gm./kg, produced death in all of 8 guinea pigs in less than I0 hours. Those which died following the injections usually had minimal traces of hemoglobin in the peritoneal fluid. Sections from these 26 animals did not reveal any casts or tubular changes.
Results of the Injections into Rabbits
The results obtained with dehydration and intravenous injections of hemog|obin into rabbits ~e tabulated in Table L It illustrates the influence of de-hydration on the precipitation of hemogl6bin in the tubules. The N PN was elevated in 8 of the 14 recorded instances. In 5 the elevation was temporary; in 3 rabbits, which subsequently died in uremia, the NPN was in excess of 199 rag. per cent; in 6 rabbits the NPN remained below 43 rag. per cent. K/dneys.--When death occurred prior to the 4th day no significant alterations were noted in any of the organs. The kidneys appeared congested. After the 4th day in practically all animals there were minute dark brown flecks 1 to 2 ram. across on the surface of the kidney. The brown pigment accentuated the cortical striations on the cut surface and was principally deposited in the cortex of the kidney (Fig. 1.) . There were wide variations in the mount of pigment, but its localization was uniform. The combined weight of the kidneys in each instance exceeded the normal median value of 12.5 gin. reported by Brown, Pearce, and Van Allen (9) .
The casts were orange or green yellow in color and therefore easily distinguishable from eosin-stainingcas~, usually considered to consist of albumen. Because the chemical nature of the casts in the tubules remains undetermined, they will be referred to as pigment casts Practically all of the pigment casts were localized in the cortical area, principally in the distal convoluted tubules. A few casts were also found in Henle's loops and the collecting tubules ( Fig. 2 and 3) . Prior to the 4th day the substance observed in the lumina was reddish yellow and of a homogeneous glass-like consistency. In view of the lack of granularity, the pronounced yellow color, and the absence of associated tubular changes, this substance as occurling in three animals was not considered to represent formed casts. Excluding these animals, however, characteristic pigmented casts were demonstrated in 12 of 13 rabbits from 4 to 40 days after the injections of hemoglobin. In conjunction with the presence of casts there was an associated tubular dilation. In the majority of instances there were focal areas of lymphoid infiltration. In only 5 of 13 kidneys was there minimal necrosis of tubular epithelium. Necrosis of the tubular epithelium and lymphoid infiltration appeared to follow rather than precede the plugging of tubules by the pigmented casts.
HearL--The hearts in some instances showed minimal pericardial hemorrhages incident to cardiac puncture. Microscopic examination revealed extensive areas of focal necrosis and calcification of myocardial fibers in 2 snlm~ls.
Lung.--Three of the animals had an associated pneumonia at the time of death. Microscopic examination did not reveal any consistent variations from normal.
Li~er.--Gross examination of the liver revealed no significant change. Microscopic examination revealed minimal collections of pigment about the central vein in only one animal.
S;0/¢¢n.~The spleen was not enlarged in any instance. Microscopic examination usually showed moderate phagocytosis of hemosiderin by macrophages.
DISCUSSION
In accordance with previous findings in animals (5, 6) , the experiments on rats and guinea pigs clearly indicate that in these animals on a suitable diet with adequate quantities of water, hemoglobin is readily excreted by the kidneys. Only a few casts were demonstrable in 2 of 63 animals after injections of large amounts of hemoglobin. Several features become evident in the findings in rabbits. Apparently a certain time must elapse before the intratubular hemoglobin is precipitated or sufficiently concentrated to occur in casts that are demonstrable in tissues by the usual staining methods. Furthermore a rehtionship exists between the quantity of hemoglobin injected and the state of hydration of the animal. Yorke and Nauss (2) observed casts after injecting larger doses of hemoglobin (2.5 to 41.0 gin.) over periods of 1 to 5 days. In the present study we were able to demonstrate casts in the tubules consistently, after injections of relatively small quantities of hemoglobin (1 to 1.9 gm./kg.) if the previous intake of water had been restricted.
It is difificult to maintain rigid control of all the variables in an experiment of this type. Following the withholding of water some rabbits stopped eating immediately, whereas others continued to eat for 2 to 3 days. After identical periods of dehydration, quantitative differences were observed in weight loss, the volume of urine excreted, and in responses to intravenous injections of hemoglobin. Intravenous hemoglobin injections were without any apparent immediate effect in most rabbits; but some became extremely weak and a few 3oszv~ j. L~ca 15.7 died following injections. It seems doubtful that the toxic manifestations exhibited by these animals were due to potassium salts; however, such a possibility has not been excluded.
As fax as we have been able to determine, consistent reproduction of hemoglobinuric ncphrosis has not heretofore been accoml~lished without a prelimlnary direct trauma to the kidneys. It is now appa~nt that such a lesion can bc produced consistently in rabbits when dehydration precedes the intravenous injections of hemoglobin. Whether dehydration exerts a direct influence on the precipitation of pigment casts or acts indirectly through altered physiologic responses, remains to be determined. In view of the present findings it is felt that similar s~udies should be made in other species. Whether the relationship of dehydration and hcmoglobinemia to the production of hemoglobinm-i'c nephrosis is pecuUax to the rabbit or exists in other species, l~rticulaxly man, is a problem of large importance.
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